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‘ 
HE Engineering Experiment Station was established by act’ 

the Board of Trustees of the University of Illinois on Decent 

ber 8, 1903. It is the purpose of the Station to conduct invel 
tigations and make studies of importance to the engineeri 
manufacturing, railway, mining, and other industrial interests of th 
State. % 
The management of the Engineering Experiment Station is veste 

in an Executive Staff composed of the Director and his Assistant, 
Heads of the several Departments in the College of Engineering, an 
the Professor of Industrial Chemistry. This Staff is responsible fo 
the establishment of general policies governing the work of the Station 
including the approval of material for publication. All members 0 
the teaching staff of the College are encouraged to engage in scien 
research, either directly or in codperation with the Research Corp 
composed of full-time research assistants, research graduate assistant ' 
and special investigators. 7 
To render the results of its scientific investigations available t 

the public, the Engineering Experiment Station publishes and distril 
utes a series of bulletins. Oceasionally it publishes circulars of time 
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interest, presenting information of importance, compiled from variou 


sources which may not readily be accessible to the clientele of th 
Station. . 
The volume and number at the top of the front cover page 
merely arbitrary numbers and refer to the general publications of 
University. Hither above the title or below the seal is given 
number of the Engineering Experiment Station bulletin or cireulai 
which should be used in referring to these publications. 3 
For copies of bulletins or circulars or for other informatio 
address : 
THE ENGINEERING EXPERIMENT STATION, 

UNIVERSITY OF ILLINOIS, 


Urnsana, ILLINow. 
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| SOUND-PROOF PARTITIONS 
| int = 
| I. IntrRopuction 


11. Purpose of Investigation—The demand for quiet rooms in 
vitals, hotels, and office buildings, the desirability of insulating 
ie studios and other rooms where disturbing sounds are produced, 
the necessity for solving other problems for the control of noise 
» led to repeated requests from architects and builders for reliable 
rmation on effective methods for insulating sound. Although 
ent knowledge of the subject is incomplete, nevertheless, on 
unt of the pressing need for guidance in such matters, it is 
ght desirable to collect and present the available information in 
sstematic way, giving the methods and results of various investi- 
ons relating to the action of materials on sound, describing prac- 
installations of soundproofiing, and setting forth in accordance 
_ existing knowledge recommendations that may be applied where 
‘d insulation is wanted. 

Before 1915 little was known definitely about the subject and cut- 
try methods were used when soundproofing was desired. These 
; were usually isolated and few published accounts are available, 
vat little progress was made. Since 1915 the problem has engaged 
attention of scientists who have conducted investigations in the 
_ of the known phenomena of sound and obtained results that 
aow being applied in practical constructions. 


2. Acknowledgments.—In addition to the published accounts of 
stigations, to which proper reference will be made, acknowledg- 
is due to the Armstronc Cork Company, the Unirep Status 
sum Company, and the Assoctarep Mera Lara MANUFACTURERS 
their financial support and codperation in the conduct of special 
tigations. 
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II. Acrion oF SounpD witH APPLICATIONS TO BUILDINGS 


3. Origin of Sound.—Sound of a definite frequency consists 
a regular series of alternate compressions and rarefactions generat 
by a vibrating body and progressing in spherical waves in the sw 
rounding medium. Figure 1 pictures the waves in air sent out 
the human voice through a megaphone. 


Fig. 1. DIAGRAMMATIC REPRESENTATION OF COMPRESSIONS AND RAREFACT 
(SounD WAveES) SENT OvuT FROM A Source or SounD 


The vibrations in this case are due to the vocal cords which 
set into rapid oscillations by a stream of air from the lw 
An unbalanced motor may cause its supporting base to shake, 
imparting to the surrounding air small motions that are propaga 
as sound waves. A case for consideration in buildings is the generat 
of sound waves when a wall or floor is set in vibration by a motor 
elevator, or other agency. . 


4. Amplitude of Sound Vibrations—The amplitude of vibra 
in sound waves is small, according to estimates varying | 
0.00000005 in. for a sound barely audible to 0.004 in. for a 
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. A very small motion of a building partitiont will therefore 
ficient to generate in air a sound that may be detected by the 
Thus one of the difficult problems in sound insulation of buildings 
‘educe the motions of walls as far as possible. 


Propagation of Sound—Sound waves set up by vibrating 
are propagated through the surrounding medium—solid, 
, or gaseous—with a considerable velocity, v, depending on the 
sity, EH, and the density, d, of the medium, according to the 
la: v—=~vE/d. The values of the velocities for a few media 
ven in Table 1.f 


— 


TABLE 1 
VELOCITY OF SOUND IN VARIOUS MEDIA 


Medium Velocity of Sound at 0 Deg. C. 


Oe 1088 ft. per sec. 
2 cic NG Est SERIE FARIS lene ce et Cnet ga 4728 ft. per sec. 
oe . 10900 ft. per sec. 
Es ode eay nicatrails 9 einige F Ge tetas dala ea 11980 ft. per sec. 
Er Te Sree g ase erat cece wfeta dee ease a ala oa 16360 ft. per sec. 


.n inspection of the data given in this table shows that sound 
is very fast, about one-fifth of a mile per second in air, and 
three miles per second in steel. A sound traveling in the 
structure of a building 260 feet high would require only 260 — 
, or 0.0159 second to pass from the basement to the roof. 


. Action of Materials on Sound.—When sound waves in one 
om encounter a second medium with a different elasticity or 
y, their regular progression is disturbed. Part of the energy is 
nm back in the form of reflected waves, part is absorbed in the 
1 medium, and part is transmitted—the relative amounts de- 
ng on the changes in elasticity and density of the second medium 
ired with the first, that is, in accordance with the change in the 
ty of sound.§] (See Fig. 2.) 


shaw, P. E. “The Amplitude of Minimum Audible Impulsive Sounds.’ Proc. Roy. 
ol. 76A, p. 360, 1905. 


i, E. E. “Graphical Analysis of Building Vibrations.’ Elec. Wld., Vol. 66, p. 


mithsonian Tables, Tables 80 and 81. 


ayleigh, Lord. ‘‘Theory of Sound.’”’ Vol. 2, Sections 270-272. Equations are given 
ssions for different media. 
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Incldety Sound Kerlected Sound 
4 
ye Le orbed Soungs 7 
LE LEE EEL 
Trarsm wed Sound 
i 


Fic. 2. REFLECTION, ABSORPTION, AND TRANSMISSION OF SOUND 


A porous material like hairfelt presents little resistance to soun 
The reflection is small, but the absorption in the porous channels m 
be quite large. What is not reflected and absorbed is transmitted. 
the sound waves generated in a room meet solid plaster walls. 
sufficient rigidity they will suffer a reflection of over 99 per ¢é 
because of the large change in the elasticity and density between 
and solids. If a ventilator opening is encountered instead of a We 
there is no change in the medium and the waves progress with lit 
hindrance through the continuous air passage, being confined i 
ventilation duct by reflection from the metal walls. In a similar 
sound vibrations generated in the solid matter of a building st 
are confined to the structure by almost total reflection at the 
boundaries and will pass with little interruption through the 
tinuity of steel and conerete to distant parts of the building. 1 
vibrations may be converted into sound waves in air where a wa 
other structural member is set into sympathetic lateral vibration. 


7. Absorption of Sound.—When air passages in which sout 
passing become small in cross-section, friction that converts the } 
energy into heat occurs between the sides of the passage and 
oscillating air particles. Sound entering a small crack in a ‘ 
wall may be completely absorbed before emerging on the other 
The channels and interstices in carpets,, hairfelt, and other pe 
materials, act in the same way in the absorption of sound ene 

\ 


* Rayleigh, Lord. Behavior of Porous: Bodies in Relation to Sound. ‘The 
Sound,” Vol. 2, Section 351. 
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The absorption and transmission of sound vary with the thickness 
ae absorbing material but not in direct proportion. For example, 
‘in. of hairfelt stops 10 per cent of the incident sound, 2 in. will 
~19 per cent, 3 in. 27 per cent, etc.; that is, the intensity of 
)smitted sound decreases according to the recognized exponential 
> tia, where 2, and 7 are the respective intensities of the 
d that enters and is transmitted by the material, a is a constant, 
‘a the thickness of the material. 

‘The absorption of sound is an essential factor in the solution of 
‘dinsulation. It is not sufficient to reflect and scatter sound waves, 
‘the energy cannot be destroyed in this manner; it must be 
\rbed, that is, converted by friction into heat energy. 


‘ed through an obstructing medium in three ways. First, they 
/ pass through the air spaces of a porous material. Second, they 
7 be transmitted by modified waves in the new medium. In this 
Jess sound compressions and rarefactions progress rapidly through 
yur, moving the molecules successively as they pass in somewhat 
“same way as a gust of wind blows the separate stalks in a 
t field. On reaching a solid partition the forward motion is 
ered, particularly if the molecules of the new material are 
‘ive and resist compression. In this case most of the energy is 
sted and only a small proportion progresses through the wall. 
neeting a further discontinuity of material, such as wood or air, 
yaves are again affected, until finally a part of the energy emerges. 


ig a sort of fictitious transmission. If the partition is rigid 
massive the vibrations are small and very little sound is trans- 
od; if the partition is thin and flexible a considerable amount 
nergy is transferred.* Usually in building constructions the 
tions are complex, as for example plaster on wood lath and 
ng. In this case the plaster areas between the studding act 
‘manner similar to drum heads and transmit sound. Hard 


Re yleigh, Lord. ‘‘Theory of Sound.’’ Loc. cit. See also: 


i jiger, G. ‘‘Zur Theorie des Nachhalls.”’ Sitzungber, der Kaisl. Akad. der Wissen- 
i in Wien. Math. Natur. Klasse, Bd. CXX, Abt. 2a, 1911. 
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plaster on wire lath presents a different surface with a mo 
action on the incident sound. 

The transmission of sound involves a number of phenomena 
is not a simple matter. It depends essentially on the characte 
the structure through which sound is transmitted and can be 
culated only for simple cases of homogeneous materials of 
constants. 
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III. Insunation or Sounp 1n BumnpDINGs 


9. Two Types of Sound in Buildings—Two types of sound 
auld be considered in the problem of insulation in buildings. One 
e includes sounds that are generated in the air and that progress 
ough the air to the boundaries of the room; the other is composed 
compressions generated in the building structure by motors, ele- 
prs, and street traffic. The insulation of these disturbances is 
} > accomplished by considering the actions of sound deseribed in 
'preceding discussion. Several suggestions for soundproofing are 
en in the paragraphs immediately following. 


10. Insulation of Sounds in Air—Sounds of moderate intensity 
4 as those generated by the human voice or a violin may be 
»ped with comparative ease if the walls of the room are continuous 
fairly rigid. The more vigorous sounds of a cornet, trombone, 
| would require especially heavy walls or else double partitions. 


y breaks in the walls for ventilators, pipes, or doors should be 
| rded by effective insulation. 


11. Insulation of Bwilding Vibrations—Compressional waves 
erated in the building structure pass readily along the continuity 
jolid materials, and, as they have more paths for escape, are more 
cult to insulate than sounds in air. Moreover, they may create 
able when they cause a wall or floor to vibrate. The insulation is 
od on the same procedure as that used for air sounds; namely, 
‘nterpose a new medium differing in elasticity and density. An 
space in masonry would be effective if not bridged over by solid 
Jerial, but since this is impossible for ordinary building construc- 
is as the weight of bodies necessitates contact for support, an 
‘roximate insulation is sought by using air-filled substances like 
sand, ground cork, hairfelt, or flax, that possess but little rigidity 
sare capable of sustaining a floor or a partition that is not too heavy. 


(12. Need for Experimental Data—The preceding discussion 
seates from the standpoint of theory how sound waves will act 
ver given conditions and how they may be controlled. Calculations 
’ be made for a few simple cases of more or less homogeneous 


e ials, but for the complex structures usually found in buildings 
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the present theory is inadequate to give trustworthy information. In 
view of this situation the procuring of data by direct experimental 
tests is quite desirable, particularly for the transmission of sound 
through materials both homogeneous and complex. Information about 
the absorption of sound is also needed. The following section gives 
in historical order descriptions of experimental investigations that 
have been completed or are now in progress.* 


* See condensed account of experiments performed previous to 1909 in the article 
“Schalleitung der verschiedenen Kérper,” in Winkelmann’s ‘‘Handbuch der Physik,” Vol. 
pp. 554-562. 
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TV. EXprerIMEeNTAL INVESTIGATIONS OF ACTION OF MATERIALS 
ON SounpD 


13. Conduction of Sound by Solids—Tyndall describes an 
ateresting and instructive experiment on the conduction of sound. 
Te writes,* ‘‘In a room underneath this, and separated by two floors, 
sapiano. Through the two floors passes a tin tube 21% in. in diameter, 
‘nd along the axis of this tube passes a rod of deal (wood), the end 
5f which emerges from the floor in front of the lecture table. The 
od is clasped by india-rubber bands which entirely close the tin 
ube. The lower end of the rod rests upon the sound board of the 
iano, its upper end being exposed before you. An artist is at this 
roment engaged at the instrument but you hear no sound. When, 
owever, a violin is placed upon the end of the rod, the instrument 
ecomes instantly musical, not, however, with the vibrations of its 
wn strings, but with those of the piano. When the violin is removed, 
de sound ceases. . . . . What a curious transference of action is 
‘ere presented to the mind! At the command of the musician’s will, 
ne fingers strike the keys; the hammers strike the strings, by which 
ne rude mechanical shock is converted into tremors. The vibrations 
‘re communicated to the sound board of the piano. Upon that board 
ests the end of the deal rod, thinned off to a sharp edge to make it 
't more easily between the wires. Through the edge, and afterwards 
Jong the rod, are poured with unfailing precision the entangled pulsa- 
ions produced by the shocks of those ten agile fingers. To the 
bund board (of the violin) before you the rod faithfully delivers 
\p the vibrations of which it is the vehicle. This second sound board 
ransfers the motion to the air, carving it and chasing it into forms 
» transcendently complicated that confusion alone could be anticipated 
rom the shock and jostle of the sonorous waves. But the marvelous 
uman ear accepts every feature of the motion, and all the strife and 
truggle and confusion melt finally into music on the brain.’’ 
Hesehus} investigated the sound conduetivity of various solids. 
he samples were shaped so as to be geometrically similar and placed 


* Tyndall, J. “Sound.” Pp. 78-79. 

4 + Hesehus, N. ‘Ueber das Schalleitungsvermégen der Kérper.” Jour. Russian Phys. 
em. Soc., Vol. 17, pp. 326-30, 1893. See also abstract in Fortsch. der Physik, Vol. 43, 
: (542, 1893, 
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successively with the lower end resting on a resonating support. A 
vibrating tuning fork was then placed against the upper end and 
the relative conduction of sound was made manifest by the intensity 
of the resonance tone heard. He found that the conductivity for 
cylindrical bodies was directly proportional to the cross-section and 
inversely proportional to the length—the same relation that holds for 
conduction of heat and electricity. He found also that wood conduets 
sound much better parallel to the grain of the wood than at right 
angles. This fact suggests a construction for hindering the progress 
of sound waves, namely, a series of wooden slabs cut alternately 
parallel and perpendicular to the grain of the wood. If the slabs 
were separated by layers of felt and not nailed, the obstruction would 
appear quite efficient. 


14. Experiments by Tufts—The transmission of sound by 
porous materials was tested in 1901 by F. L. Tufts.* For the initial 
experiment the porous material consisted of lead shot piled in a tube. 
This was exposed to the action of sound through a metal gauze that 
supported the shot. A thin rubber membrane closed the bottom of 
the tube below the gauze and by the amplitude of its vibration gave a 
measure of the sound waves transmitted. Cotton batting, felting, 
and other porous materials were tested in the same manner. Tufts 
concluded that the resistance of a porous material to sound was in 
the same proportion as the resistance to air currents. 


In a later experiment he measured the transmission of sound by 
materials impervious to air.t Two thin dises of such material closed 
the ends of a bifurcated tube. Sound pulses, caused by a metal 
ball dropped on a pine board, impinged on the dises so that the 
transmitted waves passed on through the tubes to a junction point, 
where an observer could compare the loudness of the two sounds by 
alternately closing one tube and then the other. The materials were 
tested in pairs, each sample being in the form of a dise, 10.5 em, in 
diameter. Table 2 gives the results obtained. 


* Tufts, F. L. ‘The Transmission of Sound Through Porous Materials.” Am, Jour, of — 
Sc., Vol. 11, p. 367, 1901. | 


+ Tufts, F. L. ‘Transmission of Sound Through Solid Walls.’ Am. Jour. of Se., Vol. 
13, pp. 449-454, 1902. 
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TABLE 2 
TRANSMISSION OF SouND BY MATERIALS IMPERVIOUS TO AIR 


P Thickness Se ee Transmitted 
Material Seton Rigidity Sanna 

“HES yo eee b= alee Siri i ee 0.012 0.000106 Louder 
ERGs Ph ety 5, consid rails evahsyataudocarsel ote 0.012 0.000053 
OE OES ane OS Pec 0.65 0.000013 
SUIS oA elle Ais Sle eine 0.65 0.000212 Louder 
EEERUCOPGEE DISKS: es ince e Shae es olslejetess 0.015 0.00008 { E iowa 
Two thicknesses of cardboard............. 0.44 0.00008 a OU E SS 
Biisheets Cardboard ..<.<0505 les bales gee an 0.70 0.0002 , 
Muhect cardboard................s2s0+e 0.22 0.0002 } Equal loudness 
PEGERIOLGO EASE! ~ occ. is hte eds cies eiieie als 0.015 0.00008 . 
Brass with mass at center..............+:. 0.015 0.0022 Much louder 
“ota [eapei a | ae ee is i ee a 0.22 0.0004 Louder 
Cardboard with 34 gm. mass at center..... 0.22 0.0004 

‘7. 3 cardboards separated by air space........ cardboards all |.............-- Louder 

| 3 cardboards in contact.............-.+5-: cut from 

same sample 


: *The numbers in the rigidity column represent the displacement of the discs for a pressure of 
1 gm. per sq. cm., the smaller values thus indicating the greater rigidities. 


A study of this table leads to the following conclusions: 


1. The more rigid glass is the better insulator ; 

2. The more rigid pine is the better insulator ; 

3. For the same rigidity the cardboard, 30 times thicker 
than the brass, transmits the same amount of sound; 

4. For the same rigidity 10 sheets of cardboard transmit 
the same sound as one sheet; 
5. The more massive disc with smaller rigidity transmits 
more sound ; 

6. For equal rigidity the more massive dise is the better 
insulator ; 

7. The cardboards in contact gave a greater rigidity and 
cut off more sound. The air spaces are thus not as effective as was 


supposed. 

Inspection of these results, therefore, shows that rigidity is the 
deciding factor, the amount of sound transmitted as an elastic wave 
being negligible compared with the to-and-fro vibration of the 
material. For instance in case 4, where the two discs possess the 

‘same rigidity, one would expect the transmission to be greater through 

the single thickness of cardboard than through the built up dise 
with many reflecting surfaces; but the transmitted sound is the 
same for the two constructions. ° 


eae WS « 
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A few additional experiments were conducted using an orga 
pipe for the source of sound, thus giving a sustained series of alternate 
compressions and rarefactions instead of a single pulse. It was found 
that the results might be influenced by the pitch of the note used, 
so that, if a dise happened to be set into resonant vibration, it would 


transmit sound to a greater extent than without such resonance. 


15. Investigation by Weisbach—A tuning fork giving 236 
vibrations per second was used as the source of sound and placed on 
one side of a wall. A telephone connected to a galvanometer was 
placed on the other side of the wall and served as a receiver for the 
sounds transmitted through materials installed over a small hole in the 
wall.* Weisbach found that metal, wood, ete. vibrated, whereas cloth 
and porous materials did not. When the dise was free from resonant 
vibrations the transmitted sound was proportional to the mass of 
the dise per unit area. When resonance occurred, the energy trans- 
mitted by the lateral vibrations was so great that it obscured the 
other effects, the results depending on the size, structure, and method 
of fastening the material. He concluded that sound is transmitted 
through the pores of materials, also by longitudinal vibrations (elastic 
waves) and by transverse vibrations of the materials. 


16. Tests by McGinms and Harkins.—In this investigation, the 
source of sound was an organ pipe of 768 vibrations per second, 
the measuring instrument being a telephone receiver in series with 
a crystal rectifier and a galvanometer.t The materials tested were 
clamped over an aperture 1% in. in diameter, through which the 
sound was transmitted. For porous materials such as calico and felt 
the investigators concluded that the amount of sound transmitted 
depended on the size and nature of the pores of the material, that 
is, on the true absorption. ‘The non-porous materials like paper, 
oileloth, and tin-foil transmitted less than one per cent of the incident 
sound when the lateral vibrations were eliminated. All the materials 
tested were quite thin and of small area. 


17. Work of Wallace C. Sabine—An investigation,tt funda- 
mental and far-reaching in its scope, was inaugurated and partly 


* Weisbach, F. ‘‘Versuche iiber Schalldurchliissigkeit, Schallreflexion und Schallab- 
sorption.’’ Annalen der Physik, Vol. 83, p. 763, 1910. 

7. McGinnis, C. 8S. and Harkins, M. R. ‘Transmission of Sound Through Porous and 
Non-Porous Materials.’ Phys. Rey., Vol. 33, pp. 128-136, 1911. 

77 Sabine, W. C. ‘The Insulation of Sound.’ Tne Brickbuilder, Vol. 24, pp. 31-36, 1915. 
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arried out by the late Professor W. C. Sabine of Harvard University. 
. sound of measured intensity was generated in a room so that 
Hcansmission took place through a partition under test. The sound 
}as then reduced in intensity until an observer outside the partition 
ould barely hear it. The test was repeated for other samples and 
omparative values deduced. The test rooms were especially adapted 
» confine the transmission of sound to the test material. 

Table 3 gives results obtained in the preliminary investigation. 
sheet iron and hairfelt were tested separately and in combination. 
Vhe sheet iron because of its great rigidity and mass reflected much 
ound and transmitted but little. The reduction of transmission by 
jhe hairfelt was due largely to its absorbing power. The combination 
ff the two in alternate layers gave the more effective insulation, the 
jairfelt serving to reduce further the small amount of sound trans- 
Jnitted by the iron. 


TABLE 3 


INTENSITY OF SOUND TRANSMITTED BY SHEET IRON AND HaAIRFELT 


Layers Hairfelt Sheet Iron ee ee 
0 1 000 000 1 000 000 1 000 000 
1 270 000 22 700 23 000 
2 128 000 ‘8 700 3 300 
3 65 000 4 880 | 700 
4 33 000 3 150 . 220 
5 21 500 2 060 150 
6 11 400 1 520 Cees 


| 18. Investigations by P. E. Sabine.—lLater experiments on sound 
‘ransmission through windows and doors have been conducted by 
>. BE. Sabine,* using methods similar to those of W. C. Sabine. He 
ound that flexural vibrations play an important part in transmis- 
tion. A plate of glass 3/16 in. thick transmitted less sound than a 
3/16-in. composite structure of two 1/16-in. plates sealed together 
with a sheet of celluloid. Dead air spaces between double windows 
were not as effective as commonly supposed. The air space should not 
ine bridged over by solid materials even at the edges of the glass. 
inserting sound absorber between the glass plates increased the in- 
sulation. A steel door 14 in. thick proved more effective than a solid 
vak door 134 in. thick or a refrigerator door 4 in. thick filled with 


jeat-insulation material. 


* Sabine, Paul E. ‘‘Architectural Acoustics.” Am, Arch., Vol, CXVIII, pp. 102-108, 


No 
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Additional experiments were conducted to test the transmissio 
of sound through flexible materials.* Results were obtained to 
determine to what extent the damping of sound by such materials 
as hairfelt, sea-weed, and asbestos is an effective compensation for: 
lack of mass and stiffness. Numerous curves are given showing 
the transmission of sound for a range of pitches. Further investiga- 
tion was planned to test more rigid materials, including plaster walls. 


19. Sound Deadening in Hospitals—Richard E. Schmidt gives 
a discussiont of sound transmission in buildings, paying particular 
attention to the character of building materials with acoustic prop- 
erties suitable for use in hospital construction. The article gives 
sketches of rooms and photographs of buildings in Chicago that have 
sound-proofing features. 


20. Sound-Proofing Tests Made in Chicago Music Building. — 
Table 4 pictures the construction and relative sound-proof efficiency 
of various types of building constructions. This table appears in 
the 1911 catalogue of the Corrugated Bar Company. It has been 
impossible to locate any description of the tests other than the 
information given in the table, but the results set forth are so 
thoroughly in accord with the conclusions reached in other investiga- 
tions that the data are included as additional information. 


* Sabine, P. E. ‘‘Architectural Acoustics. The Transmission of Sound Through Flex- 
ible Materials.” Am, Arch., Vol. 120, pp. 215, 266, 1921. 

+ ‘Sound Deadening in Hospitals.’ Surgery, Gynecology, and Obstetrics, Vol. XXXI, 
pp. 105-110, July, 1920. 
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TABLE 4 


CoMPARATIVE SOUND-PRooFr TESTS MADE AT Music BUILDING, 


CHICAGO, IN 1895. 
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* Sound carried through due to metal connections. 
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APPARATUS AND MerruHops Usrp IN PRESENT INVESTIGATION 


V: 


General Methods and Apparatus —The experiments on which 


this bulletin is based have extended over a period of seven years, 


but have been confined largely to three periods. 


21. 


The method used 


remained essentially the same throughout, but the apparatus and 


Materials tested 


had considerable area—at least 3 ft. by 5 ft—and varied in structure 


conditions were improved greatly for the later tests. 


DIAGRAM OF APPARATUS FOR TESTING TRANSMISSION AND 


3. 


Fic. 


REFLECTION OF SOUND 
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from thin flax and hairfelt to solid plaster partitions. An adjustable 
metal organ pipe blown by air from a constant pressure tank served 
las the source of sound. This was mounted at the focus of a parabolic 
reflector 5 ft. in diameter (see Fig. 3), so that a large percentage of 
the generated sound was directed in a parallel bundle against the 
partition under test. The sound was partly reflected and partly 
transmitted, the amounts of transmission and reflection being meas- 
ured simultaneously by Rayleigh dise resonators placed in the paths 
jof the sound. 


22. The Rayleigh Disc Resonator—The simplest form of this 
‘instrument consists of a tube closed at one end and open at the 
other. (See Fig. 4.) Sound waves of suitable frequency, coming 


Fig. 4. DriAGRAM.OF SIMPLE RAYLEIGH RESONATOR 


f o the instrument, set up standing waves in the tube with a considerable 
back and forth surging of the air at a ‘‘loop.’’ A thin circular 
mica (or glass) dise suspended at this loop at an angle to the axis 
of the tube tends to turn flatwise to the alternating air currents. If 
a fine quartz thread is used to suspend the dise and the latter is 
placed at an angle of 45 deg. to the axis, a delicate means is provided 
for measuring sound, the amount of rotation of the dise varying from 
4 deg. to 45 deg. depending on the intensity of the incident sound. 
This turning action is in accordance with the general principle that 
a flat object in a current tends to set itself flatwise to the current. 
‘Any turning of the disc is made visible by the movement of a beam 
of light reflected from its surface to a scale. Theory shows that 
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the comparative intensities of two sounds acting separately on the 
instrument are given by the equation :* 


I, _ o> sin 2 (6-d2) 

I, dg sin 2 (0-$)) 
where J, and J, are the intensities of the sounds, ¢, and ¢, the corre. 
sponding deflections of the disc, and @ (usually 45 deg.) is the angle 
between the normal to the dise and the axis of the tube. 

Since the intensities of the transmitted sounds varied over a 
wide range during the tests, several resonators of different sensitivity 
were required to obtain the measurements. For the faint sounds 
transmitted by solid plaster partitions, it was necessary to develop a 
sensitive double resonatorf of the proper frequency to obtain measure- 
ments. (See Fig. 5.) This latter instrument measured sounds of 
‘threshold audibility,’’ that is, sounds so faint that they could barely 
be detected by the ear. The resonators are much more sensitive than 
the ear in measuring sounds of different intensities. This is evidenced 
by the need of several resonators of different sensitivity to measure 
the same range detected by the ear. The hearing sensation is propor- 
tional to the logarithm of the intensity and is therefore quite insensi 
tive. 


* Watson, F. R. ‘An Investigation of the Transmission, Reflection, and Absorptioy 
Sound by Different Materials.’’ Phys. Rev., Vol. 7, pp. 125-182, 1916. 


{7 Rayleigh, Lord. ‘‘Note on the Theory of the Double Resonator.” Phil. Mag., Vol , 3 
pp. 231-234, 1918. 
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VI. PRELIMINARY INVESTIGATION 


23. Arrangement of Apparatus—F igures 6 and 7 illustrate the 
sonditions for the first test. An organ pipe blown steadily by constant 
ur pressure generated a sound that was transmitted through.a door- 
way into an adjacent room where a Rayleigh resonator measured the 
energy. Measurements were taken, first through the open doorway, 
chen with one panel of the material over the doorway, next with two 
panels, and finally with three panels; the deflection of the resonator 
being noted for each case. Since the tests were comparative, all 
sonditions were maintained as constant as possible. Every article in 
che room was left undisturbed so that the interference pattern due to 
reflection of sound from various surfaces would remain unchanged and 
aot affect the readings of the resonator. To eliminate the effect of 
che observer, who necessarily must have some freedom of motion, a 
small booth was built with a glass window. The observer could shut 
iimself in this compartment and take readings through the window. 
The samples to be tested were fastened on similar frames of 1-in. 
sy press and mounted over the doorway by two ropes. <A strip of 
hairfelt was installed around the door frame to prevent leakage of 
sound at the edges. 


24. Experimental Results Obtained—Table 5 gives results for 
(he reflection and transmission of sound. 


TABLE 5 
TRANSMISSION AND REFLECTION OF SOUND 


Deflection of Resonator in em. 
Material 
Reflection Transmission 
Thickness in layers 0 1 2 3 0 1 2 3 

Gpen Doorway.:............: Fa ee ee oe eee ht ay A eae cSt Meal Ese: Mince Sie 

-In. LET hae A ee eae 4.9 6.6 OGRA caseocetece 22.6 15.4 10.4 
BU COLK BORE cis: pee elect, 21/00 6 ave US ace poenOmefes sO. Wolk fae 7.9 3.75 | :2.9 
gin (Sioje aS (a: Vge Berar gene, Oana Ree ae 25.9 21.2 PPA GOA ieee 1.15 2.05 0.85 

-in. Paper-lined Hairfelt......|....... 20.7 5.9 LO Oi eee tes 5x0 Zhe 3.8 
%-in. Paper-lined Hairfelt......)....... 10.4 6.6 Lire (ee et woe 6.5 1.95 0.4 
Min. Wax Board..........-..|.00.10 25558 | 2OL00"| 20,09 |e 2.25 | 0.55| 0.1 
Mein, Pressed Fiber......2....|...2.-. EO |i oo 2 eee ee pRE DT AGA Oe | eee 
MERE TOOROE DUDEK CAGE; carta kn eke [vedios so Rewalen os eR eee tric (EN Rs, As ee eee 


25. Discussion of Results—The results show the effects of 
different materials on sound waves. Porous hairfelt transmits con- 
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siderable sound, and the reflection is small. Other samples, impervious 
to air, reflect more and transmit less. A better conception of the 
results is obtained by considering the relative values of the transmis- 
sion and reflection together with the absorption. Curves for these 
values may be plotted on the same scale by assuming that the open 
doorway transmits 100 per cent of the incident sound and reflects 
0 per cent; also that the maximum reflection value (25.9 for the 34-in. 
cork board) may be taken as 100 per cent. These assumptions are 
not rigorously correct, but they allow comparisons that are near the 
trati.> 


mm | | a 
= i — 
[BO = 
: f= ——_ 
8 Be fj L =a cue | Aellected 


heer Ip Layers 


Fig. 8. ReLative AMouNTS oF SouND REFLECTED, ABSORBED, 
AND TRANSMITTED BY HAIRFELT 


26. Action of Porous Materials—Fig. 8 shows the results for 
\Y%-in. hairfelt. Due to absorption of energy in the pores of the 
material the transmission decreases with increasing thickness, ac- 
cording to the law stated in paragraph 7. The reflection increases 
with increasing thickness but tends toward a constant value, indicating 
that the reflection does not take place entirely at the surface of a 
porous material but requires a certain thickness to give the maximum 
value. The absorption also appears in this diagram because the 


* Watson, F. R. Loe. cit. 
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incident sound (J — 100 per cent) is equal to the sum of the per- 
centages reflected, absorbed, and transmitted. 
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Fic. 9. TRANSMISSION, REFLECTION, AND ABSORPTION OF SOUND 
BY VIBRATING PARTITION 


27. Action of Materials Impervious to Air—F ig. 9 shows results 
that at first were quite puzzling. Two layers of paper-lined felt trans- 
mitted more sound than one layer; also, the reflection was less for 
two layers than for one. The explanation is easily seen when the 
transmission and reflection are plotted together. The two layers 
vibrated under the action of the sound so that the transmission was 
disproportionately large. An extreme case of this kind would exist 
if a material vibrated exactly as the air would if the material were 
not present. There would then be no resistance to the sound waves, 
hence no reflection, and all the sound would be transmitted. 


28. Conclusions —The information given in Figs. 8 and 9 is 
quite vital in the consideration of sound-proof structures. Fig. 8 
shows the normal reflection, absorption, and transmission to be 
‘expected for compressional waves passing from one medium through 
another. Fig. 9 shows the anomalous effects set up when a layer of 
aterial vibrates as a whole. This is the usual case in building con- 
tructions where partitions vibrate more or less under the action of 
und and give unexpected results. The obvious procedure to avoid 
his complication is to use rigid partitions and minimize the vibration. 


a 
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VII. INVESTIGATION oF THIN PLASTER PARTITIONS 


29. Arrangement of Apparatus.—This set of tests was conducted 
in two basement rooms separated by a double wall consisting of two 
9-in. brick partitions with separating air space. The walls enclosing 
the rooms were of heavy brick construction, the ceilings consisted of 
4-in. conerete slabs, and the wood floors rested on concrete. A window 
cut through the double wall between the rooms was lined with cement 
plaster and allowed the sound generated in one room to pass directly 
to the partition under test. (See Figs. 3 and 10.) The reflected sound 
and the sound transmitted into the neighboring room were measured 
by Rayleigh resonators. The source of sound was an adjustable 
Edelmann pipe giving about 630 vibrations per second. The double 
doors connecting the rooms were padded with felt and arranged to 
shut as tightly as possible. The arrangements proved .to be quite 
satisfactory for the experiments. Air currents were eliminated and 
disturbing outside sounds were reduced to a minimum. Any trans- 
mission of sound from one room to the other was thus confined to the 
sample under test. 


30. Materials and Method of Measwrement.—The materials tested 
varied in structure from porous hairfelt to plaster coating on wood 
lath. Since the measurements were to be comparative all conditions 
were maintained as constant as possible, the only changing factors 
being the samples under test. When taking measurements, the 
observer entered a small booth built for the purpose and closed the 
door. Each panel had the same size, 3 ft. by 5 ft., and was clamped 
in place over the window in the same manner by a wooden frame 
with iron bars and tightening nuts. Collapsible samples were held 
in place by wire netting. The range of intensities of sound transmitted 
was so great that two Rayleigh resonators of different sensitivity were 
used, intermediate values being taken by both resonators to give 
continuity of results. The reflected sound was measured simul- 
taneously with the transmitted sound, thus giving check measurements, 
since any variation in conditions affected both the transmission and 
the reflection. 


31. Results Obtained —tThe plaster samples were constructe 
by an expert workman and allowed to dry before testing. They wer 


Fig. 10. View or Test Room, SHOWING SAMPLE PARTITION 
CLAMPED OVER WINDOW 
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hen tested one after the other under conditions kept as uniform as 
yossible. The measurements were repeated five times, thus giving 
ix observations for each result noted. In some eases of doubt, further 
neasurements were taken. Table 6 indicates the results obtained. 
The first column of figures gives the actual deflections observed for 
ransmitted sound, the three Sackett boards being tested by both 
fesonators to establish the connecting ratio between the two sets of 
readings. The second column gives relative transmission values for 
he entire set of materials. These values were obtained by reducing 
yroportionately the numbers in the second set so that the readings for 
he Sackett boards were the same in both sets. The third column 
tives deflections for the reflected sound, the same resonator being used 
hroughout for these measurements. 


32. Discussion of Results—The results show that the porous, 
yurlap-lined flax and the hairfelt transmit considerable sound and 
eflect little. Paper-lined materials—the Keystone Hair Insulator 
nd Cabot Quilt—transmit less and reflect more. The Sackett boards 
re the most efficient sound insulators of the thinner samples, while in 
he plaster panels those containing gypsum plaster appear to be more 
ffective in stopping sound. This is probably due to the fact that 
‘ypsum produces a stiffer, more rigid structure. Some estimation of 
he absorption of sound may be formed by remembering that the sum 
if the transmitted, reflected, and absorbed sound equals the constant 
ncident sound. If the transmission and reflection are both small, as 
vith the mineral wool for example, the absorption is correspondingly 
arge. Thus with the plaster panels the reflection is extremely large, 
nd the transmission and absorption correspondingly small. 


TABLE 6 


DEFLECTIONS OF RESONATOR FOR TRANSMITTED AND REFLECTED SOUND 


4 

—— 

| Material Transmission Reflection 

ROR SNS E ET YTITIOE Celso ore che eye’ Sc Sizrascur al aiet ene has oe 69.4 69.4 5.2 
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TaBLE 6 (CONTINUED) 


TRANSMISSION OBTAINED WITH MoRE SENSITIVE RESONATOR 


Material Transmission Reflection 
i=in, Sackett Hoard Si ciscs.ccisce ayoreie gue, Goes cam ones tate See nae 28.3 0.36 
S4-in: Sackett bdard 2:0 <:2 aciolsaicerve staiavaestays epremd smite eee 23.4 0.26 
36-in. Sackett board Aviin svt somes ee Seneca nn Petes 9.4 0.15 
2-in,: Minerad wool! ad..s. acdsee \ si cecin to Wanita motes 18.5 0.22 16.9 
2-in. Gypsum furring strips..tavciee ora oor cide ta eee 6.1 0.073 45.8 


PLASTER PANELS 


Lime base, gypsum finish (3.450 cnn lan cteleit ele arent ee arearata re 5.2 0.062 5.2 
Sanded gypsum ‘base, lime finish 3.5... 2.1.) ae «he nae 6.5 0.078 45.1 
Sanded gypsum base, gypsum finish.................-.0-000: 3.5 0.042 45.8 
Wood fiber base, gypsum finish; oc ves taoeere te oe 3.0 0.036 46.0 
Wood fiber baad, lime finish 2c; . so5 oo as ee ee 1 ee 0.022 46.1 


Since the materials in this series of tests were compared under 
circumstances maintained as uniform as possible, the results obtained 
are valuable for guidance when selecting material and constructions 
for sound-proofing purposes. 
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VIII. MisceLLaAnrous TRANSMISSION TESTS 


33. Test Rooms and Apparatus—The apparatus and arrange- 
sents for these tests were quite similar to those used in the previous 
aes. (See Fig. 11.) The apparatus was rearranged for convenience 
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Fig. 11. ARRANGEMENT oF Test Rooms AND APPARATUS 
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and to guard the sensitive resonators from disturbance when workmen 
were about. The source of sound was an adjustable metal organ pipe 
designed for the tests and arranged to give 512 vibrations per second, 
this being considered an average pitch for sounds ordinarily met with 
in buildings. The organ pipe was blown by air from a constant 
pressure tank so that throughout the tests the pitch was maintained 
at 512 vibrations per second, with a maximum variation of 3 vibra- 
tions per second as shown by comparison with a standard tuning fork 
at different times. A double Rayleigh resonator developed to a high 
degree of sensitivity served to measure the faint sounds transmitted 
by the thicker wall. (See Fig. 5.) It gave responses for sounds 
that could barely be detected by the ear, thus furnishing a desirable 
instrumental substitute for the hearing, because the ear is untrust- 
worthy in its quantitative comparison of sounds of different intensity. 


34. Further Details of Arrangements—The amount of sound 
transmitted was small, so special care was taken to minimize the effect 
of any leakage of sound. As already explained, the bulk of the sound 
was directed by means of a reflector against the partition under test. 
The reflected sound was then largely absorbed by padding, especially 
by additional layers hung on the walls first struck by the reflected 
waves. Figs. 12 and 13 show the details. 

The doorway between the rooms received special attention. Two 
sound-proof doors were installed in the wall of the inner room, 
the door casing cracks being stopped by hairfelt and plaster of Paris, 
These proved sufficient for the preliminary tests, but when the thicker 
plaster partitions were tested a small transmission of sound became 
noticeable. A third sound-proof door was therefore mounted in the 
second brick wall, after which no leakage of sound through the door 
could be detected by the ear. 

The sound transmitted by the test partition passed directly to 
the Rayleigh resonator, where it produced its effect, and after this 
it was absorbed by padding as in the other room. Investigation with 
the ear verified the actions just described. It showed that an intense 
sound was directed to the partition and that it was then reflecte 
strongly, the paths of the waves being as shown in Fig. 11. 

Since the measurements were to be comparative, the effort wa 
made, as in the previous tests, to maintain constant conditions 
Articles of furniture and draperies in the rooms were kept fixed i 
position so that the interference pattern would remain unchanged. 
The observer placed himself in a small booth where he could tak 


View oF Test Room, SHowING RAYLEIGH RESONATOR AND 
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Fie. 13. View or Test Room, SHOWING PARABOLIC REFLECTOR 
LINED witH LINOLEUM 
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readings through a glass window without disturbing the action of 
she sound. After the initial adjustments the organ pipe and resonator 
were not modified. The pressure tank and the pipe connections were 
set up permanently at the beginning of the experiments. Changes 
were made only when one partition was taken out and its successor 
built in the wall in the same position. Where the partitions were 
of equal thickness the measurements were strictly comparable. The 
tests were conducted as rapidly as was consistent with accuracy in 
order to secure fairly uniform conditions of temperature and humidity, 
the chief delaying factor being the time required for the plaster coats to 
dry. The tests on the plaster walls were made during the months of 
June and July, 1919. 

Additional measurements were taken throughout by methods other 
than the one described. While these extra measurements are not 
considered as reliable as those given by the Rayleigh resonator, they 
are in the same order and thus furnish an independent check on 
the results. 


39. Preliminary Test on Transmission of Sound Through Outing 
Flannel.—It was the intention in this test to make certain that the 
apparatus and method would be applicable to plaster partitions, par- 
ticularly those of some thickness. It was planned also to establish 
if possible the law connecting the intensity of the transmitted sound 
with the thickness of the partition. For this latter purpose a prelim- 
inary experiment was performed on the transmission of sound through 
outing flannel. One, two, three, four, five, and six layers of this 
material were mounted in succession over a metal lath core installed 
in the opening between the two rooms, the transmitted sound for each 
case being measured by a Rayleigh resonator. The results are shown 
graphically in Fig. 14, where the intensities of the transmitted sound 
are plotted against the respective thicknesses. If this were a case of 
pure absorption, expressible by the equation i= 7,a~*, as in paragraph 
7, the logarithms of the intensities plotted against the thicknesses 
would give a straight line. The logarithms plotted for this case are 
shown in Fig. 14, the small departure from a straight line being 
explained simply by the fact that the reflected sound was not constant, 
but became greater with increasing thicknesses, so that the intensity 
of the transmitted sound fell off more rapidly than it would by absorp- 
tion alone. The success of this experiment verified the various assump- 
tions concerning the method and apparatus and gave confidence for 
further tests with denser walls. 
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Fic. 14. TRANSMISSION oF SOUND By OUTING FLANNEL 


36. Transmission Through Thin Plaster Partition—Plaster was 
then applied in place of the outing flannel (see Fig. 15), and it proved 
to be so much more effective in stopping sound that the resonator 
used with outing flannel gave no readable deflection, making it neces- 
sary to install one much more sensitive—the resonator pictured in 
Fig. 5—before a reading could be obtained. Measurements were 
taken on this panel for a week, until the plaster dried. More plaster 
was then applied with a brush to the back of the panel in order to 
fill the holes between the keys, thus producing a fairly uniform 
thickness of about 4% in. For this increased thickness the resonator 
gave a deflection about one-sixth as great as for the thinner layer. 
Further measurements were then taken for nine successive days, the 
results being shown graphically in Fig. 16, which displays some inter- 
esting features. The transmission increased during the second and 
third days after the first eoat of plaster was applied, due probably 
to some change in the plaster as it set and dried. This phenomenon 
is shown for the second coat of plaster also. 


37. Effect on Transnussion of Sound When Pressure is Applied 
to a Thin Partition —Finally, the transmission of sound was measured 
when this panel was subjected to successively increasing pressures 
until it broke. The pressures were applied by a 2-in. board and two — 
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iron bars. Turning the nuts on the bolts supporting the iron bars 
gave successive increases in pressure. Under this treatment the 
panel acted very much like a drumhead, transmitting more sound when 
tuned up and less when something in the panel gave way and relieved 
the tension. Additional pressure tightened it again and the trans- 
mitted sound was increased, ete., until finally it passed the elastic 
limit and gave way like putty under the increases of pressure. No 
ereat amount of sound was transmitted in any case until plaster 
was knocked off both sides of the metal lath, thus leaving an open 
passage about 6 in. long. Fig. 17 gives the details. 


38. Effect of Pressure on a Thick Plaster Partition.—tThe fore- 
evoing experiment was repeated with a 2-in. solid plaster board and 
plaster partition. A 4-in. wooden block was pushed with successively 
increasing pressures against the center of the partition and measure- 
ments of transmission taken at successive stages until cracks of some 
size were developed. ‘The amounts of sound transmitted were not 
large, probably because of the friction between the rough walls of 
the cracks and the vibrating air particles. Figs. 18 and 19 show 
photographs of the partition, while Fig. 20 gives the transmission 
measurements. 


39. Transmission of Sound Through Threshold Apertures.— 
In order to test the transmission through threshold apertures, a door 
was built into a 2-in. solid metal lath and plaster partition as shown 
in Fig. 21. The door was constructed of 2-in. wooden planks and 
was Carefully fitted into the opening. Door stops were used on the 
side opposite the source of sound except at the threshold aperture. 


The relative intensities of sound calculated from the resonator readings 
are as follows: 
2-in. metal lath partition, before insertion of door . . . . 0.93 
With door installed with 3,-in. threshold opening <P ee cs moe Meare 
With door installed with 144-in. threshold opening . . . . . 117 


While the results probably do not express exactly the intensities of 
the transmitted sound because of the diffraction effects by the narrow 
opening, they give relative values of the effect of threshold openings. 
These openings are equivalent to wide cracks. 
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IX. TRANSMISSION OF SOUND BY SOLID PLASTER PARTITIONS 


40. Introductory Statement.—The preceding tests showed that 
the method could be applied to solid plaster partitions as well as to 
outing flannel and thin partitions, and that the instruments were 
sensitive enough to measure the fainter sounds transmitted by thick 
plaster. The way was now open to test thicker plaster partitions. 
According to the method described comparative measurements on 
the intensity of transmitted sound were made on the following con- 
structions : 

2-in, solid metal lath and plaster partition; 

2-in. plaster board and plaster partition; 

3-in. plaster block partition plastered on both sides; 

3-in. plaster block partition plastered on both sides with the air holes in_ 

the plaster block filled with plaster. 


The partitions, 49 in. by 64 in. in area, were erected by an expert 
journeyman plasterer according to the usual practical methods. All 
materials were purchased by a local contractor in the open market. 
The same kind of plaster was used on all partitions. 


41. Case for 2-in. Solid Metal Lath and Plaster Partition—The 
partitions were built solidly into the wall nearest the source of sound, 
the plaster coats being applied successively according to standard 
specifications. Instead of waiting until the partition was completed, 
measurements on transmission of sound were taken for each thickness, 
thus giving some idea of the effect of increasing thicknesses of plaster 
in stopping sound. Table 7 gives details of results for the metal lath 
partition and indicates the procedure followed for the other partitions 
tested for which only the essential records are shown. Hach measure- 
ment recorded is the average of two measurements in most cases, in 
others of three. 


Fig. 23, Curve 1, shows the deflections of Fig. 22 plotted against 
the increasing thicknesses of the partition. The transmitted sound 
decreases rapidly until the thickness of the wall increases to about 
34 in., after which the decrease is slower. The thicknesses for the 
various layers were measured when the partition was torn down, 
average values of several broken pieces being taken. 


SOUND-PROOF PARTITIONS 53 


TABLE 7 


READINGS OF RAYLEIGH RESONATOR FOR SOUND TRANSMITTED BY A 2-IN. METAL 
LATH AND PLASTER PARTITION* 


Date Hour Conditions 
A.M. 
2 8.00 First coat of plaster applied on metal lath 
SRS SEE A eRe ON eis, oi'b (6) <0: bs: ae) oie (oils P.M. 
2.00 72.5 em. deflection of resonator 
4.30 68.0 em. 
A.M. 
PERE eo) icf eepits, Satie aa. Rahs ats. 8.30 87.7 cm. 
11.30 89.7 cm. 
P.M. 
1.00 second coat of plaster applied 
3.00 10.2 em. 
4.00 9.4 em. 
| A.M. 
RPT reeD Gr ne Bee oo jers oth cli Ws. 8.30 14.6 cm. 
11.30 16.2 em. 
P.M 
1.00 third coat of plaster applied 
2.30 7.3 cm. 
: 8.30 5.4 cm. 
A.M. 
BEATE fete Ws ese a5- 5 ichual se wate vp 48 hats 8.30 4.3 em., drying fans put on 
P.M. 
1.00 both finish coats applied 
3.00 3.8 cm., transmitted sound very faint 
8.00 3.6 cm. 
A.M. 
. RS a Mes otc Pos CCS, aa teu ct Snare eae 8.30 3.0 cm 
a 11.30 2.8 cm 
P.M. 
. 4.30 1.2 em. 
MMIETIES SOE Preis oaiore tere hare aiovelove ‘lsat’ : — 3.4 em., Sunday, quiet 
A.M. 
STRSTR SE cs Grice atc eC eRe nee ea 8.30 2.2 cm. 
¥ P.M. 
1.00 2.6 cm, 
. 5.00 2.6 em, 
A.M. 
BREF OT Grarerertictsraic: sans Acle ore eres Sas ners 8.30 3.6 cm, 
: P.M. 
1.00 3.8 cm 
7.30 3.7 cm 
A.M. 
BELG APR, tiaras draiive:'e1 slele eof 6 we is/o.c1 Me; ie 3.4 cm 
P.M. 
. 5.00 3.6 cm., plaster wet on surface 
A.M, 
. BPEL otte ciatcdniale winieis) braveiara a's 9 oe's ls =e 3.2 cm., drying fans on 
| 4.30 3.9 em. 
A.M. 
uly 4.0... cece cece eee eee es 8.30 3.4 cm. 
P.M. 
. - 8.00 3.5 em. 
AM. 
ESE rs cat aaah ict soya) esters ee caxieelatn a 3.4 em., partition dry except one spot 
5.30 3.6 em, 
Maly 6...3. Br Phare ees Meimepeds Sie titaree 1.30 3.6 em. 


. *The data for the metal lath partition are shown graphically in Figure 22, where the deflections 
ef the resnonator due to the transmitted sound are given for successive days as additional coats of 


plaster were applied. 
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42. Comparative Tests of 2-in. Solid Plaster Partitions.—A sim- 
ilar set of readings was taken for a 2-in. plaster partition with plaster 
board core. (See Fig. 23). The comparative efficiencies of the finished 
partitions are given in Table 8, the deflections of the resonator noted 
being the average of all the measurements taken after the finish 
coats were applied, and the intensities of the transmitted sound being 
caleulated by using the relation given in paragraph 22 


TABLE 8 
TRANSMISSION OF SOUND BY SOLID PLASTER PARTITIONS 


Average Relative 

Deflection Transmission 
2-in. solid metal-lath and plaster partition. .................. | 3.35 em 0.93 
2-in. plaster-board and plaster partition....................+. | 8.52 em. 2.35 


43. Comparative Transmission of Sound by 3-in. Pieter Block 
Partitions. —The partitions tested are described as follows: 


(a) 3-in. plaster block partition plastered on both sides, giving a total 
thickness of 4 in, 


(b) 38-in. plaster block partition plastered on both sides with the air 
holes in the plaster blocks filled with plaster, giving a total thickness of 4 in. 


‘The measurements were taken in the same manner as for the 2-in. 
partitions. The plaster blocks for test (b) were filled with plaster 
and allowed to dry before erection into the partition. The results 
obtained are as follows: 


7 

: Average Relative 

; Deflection Transmission 
BENT A OLIN UH) Meee fies eit teat etary oh aYe sip etoile oo wis oes olovetele eMart o.asa\e «(0's o Ge 13,9" (Civ... eieeteOn SO 
Baroatt OPENED VR eRe a a, arare oi oniosas ol cisco satswes las deca ovarcie ncohtarateiyetietew (erased. G229) orn yrs tieriie 1.16 


44. Effect of a Rigid Plaster Partition on Sound.—The trans- 
mission of sound through a plaster partition appears to depend on 
a rigidity and mass. Thin partitions transmit considerably more 
sound than thick ones, largely because they are less rigid, and vibrate 
ore easily. Vibrations are set up which may become quite large 
hen the natural frequency of the partition is in tune with the incident 
ound. Thick partitions on the other hand are more rigid and 
ibrate less, so that they stop sound largely in proportion to their 
ass. 
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Sound in a room may be transmitted through the partitions with 
more or less difficulty, depending on the qualities of the structure. 
Thus, the inertia of a partition plays an important part. On striking 
the heavy partition particles, the air particles of small weight are 
thrown back in much the same way that a tennis ball would be, on 
striking a cannon ball. Fig. 24 pictures a conception of this idea. 

The partition particles are moved back and forth slightly by the 
incident pressures and rarefactions, so that sound waves greatly 
diminished progress through the partition. Since the latter is thin 
compared with the wave length of the sound, all the particles in it 
may be thought of as moving simultaneously in the same direction; 
that is, the partition may be considered to move back and forth as a 
unit. This motion is carried to the air on the further side where 
diminished waves, constituting a faint sound, are set up. 


{| 


Alr LVOSTE/ Air 


Fic. 24. DracRAmM ILLUSTRATING TRANSMISSION AND REFLECTION OF 
: SounD WAVES BY A SOLID PARTITION 


Theory shows that the sound in air reflected from a rigid material 
is given by the expression :* 
eer l/p 


vam? (pid/pr)? 


where p is the density of air, ¢, that of the material, \ is the wave 
length of sound, and / the thickness of the material. Calculations 


* Rayleigh, Lord. ‘‘Theory of Sound.” Vol. 2, Sec. 271, Equation 11. 
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from this expression show that the sound reflected from a rigid gypsum 
wall 2.5 in. thick is 99.99968 per cent where the incident sound is taken 
equal to 100 per cent. The transmitted sound is the difference between 
these quantities, or 0.00032 per cent, giving approximately a transmis- 
sion of 3 parts in 1000000 assuming that no sound is absorbed in 
‘passing through the wall or lost in any other manner. The determin- 
ing factor in the reflection is the ratio of the density of air compared 
to that of plaster; that is, the wall behaves like a rigid body and 
acts mainly because of its inertia. It is quite unlikely, however, that 
‘such a partition will be absolutely rigid, particularly if it has some 
area; therefore, some sound will be transmitted because of vibrations. 


45. Effect of a Flexible Plaster Partition on Sound.—In case 
the partition is limited in extent and fastened at the edges, as it must 
be in any form of partition construction, the sound pressures must 
overcome not only the inertia of the plaster but also its rigidity or 
resistance to being distorted. A sound pressure applied perpendicu- 
larly to the surface causes a small displacement, greatest at the 
center and zero at the edges, so that the partition becomes slightly 
bulged, with a small increase in area. The less a wall gives under such 
a force, the more efficiently will at stop sound. An inspection of Figs. 
24 and 25 in this connection give some idea of the strains set up by a 


Fig. 25. How A PARTITION IS BULGED BY PRESSURE OF SOUND 
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bulging foree. It should be remembered that the pressures due to 
sound are not static but are rapidly alternating pressures and rarefac- 
tions of very small amplitude. 


The transmission of sound depends on the vibration of the par- 
tition, which acts in this regard like a thick elastic plate. The 
rapidly alternating pressures and rarefactions of the sound waves 
set the partition in minute motion and thus create corresponding 
pressures and rarefactions (sound waves) on the farther side of the 
partition. The effect is intensified and the transmitted sound increased 
in volume if the natural period of the partition is in tune with the 
sound waves. The vibrations for ordinary sounds and partitions are 
usually small, probably not exceeding 1/100 in. in amplitude. Other 
factors being the same, they decrease in intensity in walls of greater 
rigidity. 

For a rectangular partition fixed at the edges the period of 
vibration, NV, is deduced from the equation :* 


| ahf/m? . n? 
= a q 
N 2 (a a Aaron 


where g is Young’s modulus of elasiticity, p the density of the par- 
tition, o is Poisson’s ratio of lateral contraction to longitudinal 
extension, a, b, and 2h the length, breadth, and thickness of the 
partition, and m and » whole numbers depending on the mode of 
vibration. This equation shows that thick elastic partitions vibrate 
quickly, but massive partitions of some dimensions vibrate more 
slowly. 


46. Effect of the Structure of Plaster Partition —Another factor 
affecting the transmission of sound through a partition is the character 
of the structure. Compared with a thin partition a thick, homogeneous 
structure has the advantages of greater inertia and rigidity. The 
use of an air space completely separating two members of a rigid, 
non-vibrating double partition would have a marked action on sound, 
and, according to theory, a partition of this construction would stop 
many times more sound than a similar single partition whose thick- 
ness equals the sum of the thicknesses of the two members of the double 
partition. This is due to the abrupt change in elasticity and density 


* Barton, KE. H. “Text Book of Sound.” Sec. 226, Equation 11, 
Rayleigh, Lord. ‘‘Theory of Sound.’ Vol. 1, Sec. 225. 
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from plaster to air and from air to plaster as the sound strikes the 
second member. In case the air space is bridged over, as in practical 
constructions is usually the case at the ceiling, floor, and other points, 
this theoretical efficiency is greatly diminished because the vibrations 
travel easily along the paths afforded by the continuity of solid ma- 
terials. Thus the bridged over partition should be considered as a 
‘unit instead of two separate members, and its efficiency in stopping 
sound judged mainly on its weight and rigidity. 


The core of a partition is another feature of structure that affects 
the transmission. It may be of such a nature as to increase the 
‘strength of the partition, it may be simply the central part of a 
shomogeneous medium, or it may so separate the partition into two 
parts that the structure is weaker than a homogeneous unit. <A 
partition with increased strength due to the core, such as a steel 
vreenforcement, would be more rigid than an equally thick homogeneous 
‘partition and would stop more sound. The homogeneous partition in 
turn would be more efficient in stopping sound than the double par- 
tition weakened by the core. The latter, however, has some possible 
advantage in reflecting sound because of the change in elasticity and 
density in the core. An extreme illustration of this kind would be the 
‘case where the core consists of hairfelt, so that its action in stopping 
sound would be analogous to that of an air space. If the core consists 
of a sheet of thick paper, making, without air space, a continuous 
contact with plaster on both sides, this efficiency is largely lost and 
the small gain due to reflected sound would appear to be overcome by 
the loss in rigidity of the structure. ’ 


47. Discussion of Experimental Results Obtained with Solid 
Plaster Partitions—The experimental results obtained in the tests 
appear to be in accord with these theoretical considerations. Thin 
partitions vibrated under the action of sound waves, as could be 
ascertained by touching the surface of the plaster. The vibrations 
(and transmitted sound) were more vigorous for the proper co- 
ordination of the elasticity of the partition and the frequency of the 
sound as shown by the data pictured in Fig. 17. Thick partitions 
transmitted but little sound. They were quite rigid because of their 
small area and considerable thickness, and also because they were 
mounted solidly in a double brick wall. Their action in stopping 
sound must have been due largely to their rigidity and mass. 
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It should not be concluded from these tests that partitions of 
similar construction in buildings will all have exactly the same 
sound-proof qualities; larger area of building partitions, resulting in 
lessened rigidity, will allow a greater transmission of sound. The 
value of the results obtained in the tests les in the fact that they were 
obtained by direct comparison under identical surroundings, rather 
than by tests on different types of partitions in different buildings, 
with varying floor and ceiling constructions, unequal sizes of rooms, 
uncontrolled extraneous sounds, ete. The results thus give informa- 
tion for guidance in the choice of materials and constructions where 
sound insulation is contemplated. 
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X. EXAMPLES OF SOUND-PRoor Rooms 


48. Preliminary Statement.—In order to supplement the infor- 
ation given in the previously described experiments examples of 
yundproofing should be included in the discussion. These examples 
re mostly practical constructions in buildings with walls of greater 
ze than could be tested conveniently in laboratory experiments, and 
ith additional complexities such as a ventilation system, pipes for 
team, water, and wires, etc. An account of such constructions, 
gether with the results of the previous tests, allows more definite 
mclusions to be drawn concerning the general procedure in sound 
isnlation. 

The illustrations chosen for discussion concern two types of in- 
allations; first, single rooms that are soundproofed for experimental 
urposes, and second, entire buildings where sound insulation was 
eeded. <A detailed description of all the examples available would 
ivolve too long an account; therefore, several typical cases are 
‘lected for discussion and references are given for the others. 


49. Sownd-Proof Rooms for Acoustic Experiments——A small 
boratory building containing a number of rooms for acoustical 
cperiments was designed by W. C. Sabine according to his extensive 
perience in architectural acoustics.* The essential construction was 
mple yet effective. Heavy brick walls served to give sufficient 
gidity to reduce vibrations to a minimum. The weight of these 
alls together with an air space between them presented a decided 


ndrance to the transmission of sound waves. (See Fig. 26.) 


: * Sabine, P. E. ‘Wallace Clement Sabine Laboratory of Acoustics.’’ Am, Arch., Vol. 
6, pp. 133-138, 1919. 
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Fig. 26. PLAN oF WALLACE CLEMENT SABINE ACOUSTICAL LABORATORY 


(This laboratory was built and is maintained by Colonel George Fabyan at Geneva, 
Illinois, because of his interest in scientific work and his personal regard for Professor 
Sabine. Since the death of the latter the investigational work has been conducted by Dr. 
Paul E. Sabine, a cousin of Professor Sabine.) 


50. Sound-Proof Constant-Temperature Room—tThe structure 
illustrated in Fig. 27 is a small building constructed primarily for 
securing constant temperature. It appears also to be an excellent. 
sound-proof structure. The deseription* is as follows: 


* “Results of Observations nade at the Coast and Geodetic Survey Magnetic Observatory 
at Cheltenham, Maryland, 1901-1904.’ Dept. of Commerce and Labor, U. S. C. and G. S, 
pp. 11-18, 1909. 
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Fig. 27. VERTICAL CROSS-SECTION OF SOUND-PROOF CONSTANT - 
TEMPERATURE ROOM 


‘*The variation observatory is essentially two small buildings inelosed by 
1 third larger one. The outside dimensions of the variation observatory are 36 by 
56 by 24 ft., with a vestibule 10 by 13 ft. The inner rooms are each 16 by 19% 
‘t. inside measure, separated from each other by a passageway 5% ft. wide. The 
wall insulation is as follows (see Fig. 27); beginning at. the outside, pine weather- 
joarding, 8-ply building paper, l-in. pine sheathing, 8-in. air space, l-in. pine 
theathing, 8-ply paper, 3 ft. pine sawdust, 8-ply paper, %-in. pine sheathing, 3 1/16 
‘t. air space (passageway around inner rooms), %-in. pine sheathing, 8-ply paper, 
_ ft. pine sawdust, 8-ply paper, 7%-in. pine sheathing. Beginning at the roof and 
roing down: gravel and asphalt-pitch roof, l-in. pine sheathing, 3 2/3 ft. air 
pace, 1-in. rough pine floor, 3 ft. pine sawdust, 8-ply paper, %-in. pine sheathing, 
3 ft. air space above inner rooms, 1-in. rough pine floor, 1% ft. pine sawdust, 
)-ply paper, %-in. ceiling. Insulation from bottom of foundation is 2 2/3 ft. 
‘arth, 6 to 8 in. layer of gravel, 3 ft. sawdust, l-in. pine floor, %-in. matched 
vine floor. The 8-in. air space next to the outside of the building is provided with 
lat ventilators at top and bottom, which when open permit a free circulation of 
lir up the sides of the building and out through the ventilators in the roof. By 
he use of tight-fitting shutters it can be converted into a practically air-tight 
pace. By this arrangement of alternating air spaces and sawdust packing the 
‘ariation in the temperature is kept within the desired limits without the aid 
f heating apparatus. The daily range is kept down to almost nothing and the 
nnual range to only a few degrees Centigrade.’’ 


: 


ee 
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Mr. W. W. Merrymon, one of the magnetic observers, stated 
that the room was so sound-proof that he thought he would be unable 
to make outsiders hear in case he were in distress—from lightning or 
other causes. Trial by loud shouting within the room gave almost 
no sound outside, and this faint sound appeared due to the passage 
of sound through the air ducts in the floor. By closing these the 
room would doubtless have been made ‘‘sound-proof.’’ 


51. Sound-Proof Room for Psychology Tests—Concerning this 
room, Dean C. E. Seashore of the State University of Iowa writes: 
‘‘Our experience in building the sound-proof room in psychology 
would not be of any great help in the soundproofing of a musie 
building, since all the precautions that we have taken are such as could 
be taken for a small cage room.’’ The description* of the room is 
as follows: 

‘¢The construction of the observing room deserves especial mention. To make 
a dark room impervious to external light is a matter presenting no serious 
difficulty. To make a room impervious to external sound or wholly free from 
the jarring from surrounding rooms or adjacent streets is a problem which has 
not yet been solved and of course never will be. We made the attempt to approach 
a little nearer to this end than has hitherto been done. The result is a room as 
free from external disturbances as is needed in any experiments in which it is 
necessary to control visual, auditory and tactual stimuli. So far as this has 
been accomplished, the credit is largely due to the architects, Messrs. Proudfoot 
and Bird, who worked out many of the details of construction. The position of 
the observing room is central, occupying a place not otherwise desirable from lack 
of light. The room rests on an independent foundation, having no solid connection 
with the rest of the building either below, above, or on the sides. The super: 
structure which supports the room rests upon a sand bed and a second sand bed 
at a higher level still further assists in eliminating possible jarring or sound 
which might be communicated from the ground. The walls of the room itself, 
inside the main partitions, which separate the whole space from the surrounding 
apartments, are made of two four-inch walls of hollow tiles separated by an air 
space and each covered with a thick insulating material made of sea-weed. Inside 
of all, the walls are plastered and then lined throughout with black broadcloth. 
The inside room is divided into the main observing room 12 ft. 2 in. by 12 ft. 7 im, 
and a vestibule, 4 ft. by 12 ft. 7 in. The room is entered through five doors, 
the outer one being an ordinary oak door and the other four especially constructed 
tight fitting cedar doors, covered with black cloth on the sides and edges. Th 
doors close with strong springs and are held open by automatic catches. The 
floor is made of Tennessee red cedar and covered with linoleum painted black 
The room is heated and ventilated by means of hot air introduced not directl, 


* Studies in Psychology, Vol. III, pp. 132-143; State Univ. of Ia., Bul., New Series, No 
49, May, 1902. 
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from the attic through cedar shafts provided with overlapping cloth partitions 
ich admit the air but help to exclude sound. For very fine experiments the 
tilating shaft may be closed and the room ventilated during intermissions. The 
m may be lighted by gas or electricity, the former being introduced through 
ber tubes. The furnishing consists of black tables and chairs and a telephone 
nected with the measuring room. In the exclusion of sound and vibration, 
well as in other respects, the room has proved to be a complete success. The 
dest stentorian shouting just outside the doors is absolutely unheard within.’’ 


52. A Noiseless Room.—A noiseless room for sound experiments 
s built in Utrecht, Holland.* Figs. 28 and 29 show the complicated 
ails. The room was about 7 ft. by 7 ft. by 7 ft., and the walls were 
in. thick. A person in this room could hear his heart beat. 


53. A Group of Sound-Proof Rooms.—Nortonj tested five small 
yms whose walls were specially constructed of different materials. 
e tests were not strictly comparative because three of the rooms 
1 one thin side that vibrated under resonance and transmitted 
ind to adjacent sides; also there was some leakage of sound through 
: doors and ceiling. Observations were taken by the ear, and 
ferent partitions rated by estimation. The results show that increas- 
> the thickness of the walls promoted sound insulation; also, that 
able partitions with air space and enclosed sound absorbing ma- 
jals are more effective than single partitions. 


54. Room Soundproofed for Machine Gun.—During the war a 
m about 12 by 14 by 12 ft. was designed to insulate the explosive 
nds of machine guns when these were being tested. The room 
upied one corner of a larger room. The walls of the insulating room 
+e brick on two sides—those of the larger room—and wood on the 
er two sides. Four inches of ground cork lined the wood walls, 
ag held in place by metal netting nailed to 2 in. by 4 in. wood 
Ading. A double layer of flax boards lined the ceiling. A pile 
nd into which the bullets were fired assisted in the absorption 
ound. People across the street from the room were unaware of 
machine gun operation until the observer forgot to close the double 
ows after opening them to let the powder smoke out. 


Franz, S. I. “A Noiseless Room for Sound Experiments.” Se., Vol. 26, pp. 878- 


Norton, C. L. ‘‘Sound-Proof Partitions.” Insur, Eng., Vol. 4, p. 181, 1902. 
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Fig. 28. VeErtTiIcAL Cross-SECTION OF NOISELESS Room 
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Fig. 29. DETAILS oF CONSTRUCTION OF NOISELESS Room 
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Fig. 30. Sounp-Proor Box To Repuce Noise oF Brick RATTLER 
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55. Soundproofing a Noisy Machine.—A brick rattling machine, 
ed by the Highway Engineering Department at the University of 
inois, was extremely noisy, so that suggestions for a method of 
nimizing the disturbance were requested. The machine was mounted 
a platform and enclosed first in a sheet iron covering which served 
prevent the escape of dust as well as sound. (See Fig. 30.) <A 
rger, double walled wooden box, having the interspace filled with 
w-dust, and being equipped with a hinged cover, was built to give 
rther insulation. Without the covers, the machine is so noisy that 
e person cannot be heard by another without shouting loudly into 
s ear. With the covers on, the noise is greatly reduced and con- 
rsation is possible. This matter has its economic side, because, with 
isy machines, the hearing and therefore the efficiency of employees 
comes affected. 


a 
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XI. Sounp-Proor Buriupines ‘ 


56. The Smith Music Building —An increasing number of build- 
ings with soundproofing features have been constructed in the past 
few years. F. R. Watson, in collaboration with Architect James M. 
White, incorporated a number of soundproofing constructions in the 
Smith Memorial Musie Building at the University of Illinois.* This 
problem was more complex than soundproofing a single room. It 
involved the sound insulation of some fifty small practice rooms, twelve 
studios, and the larger concert hall, besides the acoustic control of 
sounds of motors, fans, and elevators. 

Since the possibility of transmission of sound was greatest between 
adjacent rooms, each dividing wall, ceiling, or floor was made double, 
with air space containing absorbing material, and was left entirely 
unbroken. All pipes, conduits, ventilator ducts, doors, and windows 
were specially placed in outside or corridor walls where the leakage 
of sound would be less harmful. This systematic construction through- 
out the building meant that a sound generated in a room must pene- 
trate the insulation to escape. To enter another room, it must pass 
a second time through a special insulation. When traversing the- 
building structure, a sound would continually meet hindrances that 
would either stop or absorb it. | 

Fig. 31 pictures some of the features that were adopted to control, 
sound. The concrete floor, 12 in. thick, was broken in its continuity” 
by the form planks that were purposely left in place. Walls 
between rooms were constructed of two 3-in. gypsum partitions in- 
sulated at the bottom by machinery cork and at the top and sides by 
hairfelt. ‘‘Insulite’’ was installed in the air space between the 
gypsum partitions, to absorb sound and also to present a barrier i 
case cracks developed in the gypsum. The finish floors were floated on 
a l-in. layer of dry sand in order to break the continuity of materi 
and thus stop the progress of vibrations. 


* Watson, F. R. “‘Sound-Proofing a Building.”’ Arch, For., Vol. 35, pp. 178-182, Nov. 
1921. 
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Fig. 31. DETAIL oF FLOOR AND PARTITION CONSTRUCTION 
IN SouND-PROOF BUILDING 


Experiments conducted in the building after its completion show 
hat a measure of suecess attended the design and construction. Loud 
peaking and shouting in the practice rooms can hardly be heard out- 
ide. Music, however, penetrates the insulation more easily, so that 
ound, largely diminished, may be heard in adjacent rooms. ‘This 
eakage of sound, however, does not appear of great disadvantage. 
students use adjacent rooms for singing practice, and for piano, 
jolin, and other instrumental drill, without serious disturbance to 
ach other. 
| The ventilation system is not as sound-proof as desired, and 
ppears to be the greatest drawback in the control of sound. Each 
00m was equipped with a separate inlet and outlet duct. Four inde- 
vendent ventilating systems furnished air to four groups of rooms in 
rder to lessen the chance for transfer of sound from one group to 
thers. The ventilation system is now under investigation with a 
jew to improving the insulation. 


The building is not absolutely sound-proof nor does this appear 
fecessary for practical purposes. The sounds that leak through the 
asulation are greatly diminished in intensity and therefore of minor 


; 
| 
i 
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importance compared with the sounds generated in the room co 
taining the observer. 


57. Other Buildings with Soundproofing—Music buildings wi 
soundproofing features have been erected at other institutions, and, 
from the reports received, appear to give satisfaction. The const 
tions involve double walls with absorbing material, and more or | 
attention has been given to the design of the ventilation. 
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XII. Concuusions 


58. Summary of Conclusions and Recommendations.—The infor- 
ation in this bulletin was drawn from three sources; the theory of 
e behavior of sound waves, experimental investigations of the 
ect of materials on sound, and examples of sound-proof installations. 
1e details of this information, while drawn from different sources 
id apparently unrelated, codrdinate in a satisfactory way in setting 
rth similar conclusions. 


Some of the more general principles and recommendations are 
ated in the following paragraphs, but the details and comments 
cessary for a more comprehensive conception of the problem of 
undproofing are to be found in the descriptions throughout the 
letin. ' 

Sound may be transmitted from one side of a partition to the 
her in three ways; it may progress through continuous air passages, 
may pass as an elastic wave through the solid structure of the 
rtition, or, by setting the partition in vibration, it may originate 
und waves on the further side. 

These actions are quite readily understood by remembering that 
und consists of a series of compressions and rarefactions that progress 
pidly through a medium without interruption unless they meet 
new medium with a different elasticity or density. For instance, 
und waves in air proceed without hindrance through air passages, 
ch as ventilation openings in a partition. If, however, the passages 
e small in cross-section, as in the case of a porous material, the 
ogress is hindered and a certain amount of absorption of the energy 
kes place, due to the friction set up between the vibrating air column 
d the sides of the pores. 

In case the partition is impervious to air, the direct progress of 
e waves is interrupted. A thin partition is set in vibration and 
us orginates new waves on the side opposite the incident sound. 
w a thicker, more rigid partition, the vibrations are smaller and a 
ry considerable part of the energy is reflected. The transmission in 
is case takes place by compressional waves communicated to the 
lid material of the partition. The amount of energy thus trans- 
tted is usually quite small. 
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In view of these considerations a sound-proof partition shoult 
be as rigid and free from air passages as possible. For effective sound 
proofing of a group of rooms, the partitions, floors, and ceilin 
between adjacent rooms should be made continuous and rigid. An 
necessary openings for pipes, ventilators, doors, and windows should 
placed in outside or corridor walls where a leakage of sound will 
less objectionable. 


In ease the sound is generated in the building structure, as the 
vibrations set up by a motor fastened to the floor, the compressional 
waves proceed through the continuity of solid materials. In order to 
stop them, it is necessary to make a break in the structure so as t0 
interpose a new medium differing in elasticity and density. For 
instance, the vibrations of a motor may be minimized by placing a 
layer of hairfelt, or similar air-filled material, between the supporting 
base and the floor. Where the machine is quite heavy, footings may 
be made of alternate layers of asbestos, lead, and leather. Bolting 
through this material will reduce the insulation, because the vibrations 
in this case will pass easily through the bolts to the floor. The 
insulation should thus be left without any bridging over of the dis- 
continuities. Air gaps in masonry will be effective if the air space 
is not bridged over at any point. A floor floated on sand, sawdust, or 
hairfelt would approximate this condition. The edges of the floor 
should be insulated from the walls by felt or similar material. 


Especial attention should be paid to the ventilation system. 
effective sound-proof constructions either omit entirely a ventilation 
system or else construct it in some special manner to avoid trans 
mission of sound. In some buildings air is supplied and withdrawn 
from rooms by individual pipes that are small in diameter and extend 
without break from the air supply chamber to the rooms. This results 
in considerable friction between the walls of the pipes and the air 
with a resultant weakening of the sound waves. Without some efficient 
control of the transference of sound through the ventilation system 
it is a waste of effort to construct sound-proof walls, double doors, 
and other contrivances for insulation. 


When soundproofing a building all details should be considered 
with respect to the likelihood of transmission of sound. Each room 
as far as possible, should be made an insulated unit by means of 4 
spaces or air-filled materials that separate it from surrounding wall 
Pipes and ventilators should be so installed as to minimize the cha 
of transfer of sound. Patent doors are now available that will clos 
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the door space at top, sides, and bottom. In case a troublesome sound 
is generated in the room, it may be minimized by installing absorbing 
material on the walls. 

_ The absorption of sound is an essential feature for sound- 
proofing. Refiecting sound and scattering it still leaves it with energy. 
It must be absorbed; that is, converted into heat energy by friction, 
oefore it is eliminated as sound. This means that carpets, furniture, 
Traperies, ete. should be present, or if greater absorption. is desired, 
jJairfelt or similar materials must be installed. | 

The insulation of sound is a complex problem and a successful 
solution is obtained only when all the possibilities of transfer of sound 
ire anticipated and guarded against. While many things may be 
earned from further experience and much may be gained from addi- 
‘ional theory, enough has been revealed to give encouragement to the 
velief that soundproofing may be prescribed in the future with some 
ef the certainty that now attends the acoustic design of auditoriums. 
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